Purpose: May-Thurner syndrome (MTS) is a rare clinical entity featuring venous obstruction of the left lower extremity. The aim of the present study was to report our experience with MTS and to evaluate the utility of treatment using endovascular techniques.
Introduction
May-Thurner syndrome (MTS) is a rare clinical entity featuring venous obstruction of the left lower extremity. MTS is characterized by chronic pulsatile compression of the left iliac vein in the region between the right common iliac artery and the lumbar vertebral body. Such compression triggers development of a form of collagen scar that, over time, causes complete or partial occlusion of the iliac vein. The anatomic variation associated with MTS increases the incidence of left-sided deep venous thrombosis (DVT), which is 3-8-fold more frequent on the left side than the right. [1] [2] [3] [4] Anticoagulation therapy alone is ineffective in MTS patients. More aggressive treatment is required to prevent rethrombosis and to eliminate the long-term complications of post-thrombotic syndromee. 5, 6) Traditional surgical treatments for MTS are outdated. Endovascular treatment of DVT caused by MTS is both feasible and effective. 5, 6, 7, 8) Angioplasty, stenting, and selective thrombolysis are now the standard treatments for symptomatic MTS.
The purpose of the present study was to report our experience with MTS and the treatment effi cacies afforded by endovascular techniques including catheterdirected thrombolysis (CDT), manual aspiration thrombectomy (AT), stent placement, and angioplasty.
Materials and Methods
We retrospectively analyzed data collected between April 2009 and January 2014 on 23 MTS patients treated using endovascular techniques. We reviewed patient demographics, symptoms, procedural features, and radiological and clinical outcomes. The procedural aspects were the number and size of stents used, whether thrombolysis was employed, and whether treatment featured concurrent vena cava fi lter placement. Written informed consent was obtained from each patient after the purpose and the risks of treatment were fully explained.
All patients exhibited radiographic evidence of iliac vein stenosis caused by MTS upon computed tomography (CT) venography or a combination of duplex ultrasound and venography. Radiographic criteria for MTS diagnosis were >50% luminal stenosis of the vein, and loss of contrast density at the point at which the iliac artery crossed the vein (confi rmed via venography). DVT was diagnosed using color Doppler ultrasonography (CDU) and confi rmed via venography performed during endovascular treatment of all patients. Technical success was defi ned as successful restoration of antegrade fl ow, with <30% residual stenosis or thrombus. Iliac vein patency was defi ned as uninterrupted fl ow apparent on CDU or venography. Clinical success was defi ned as improvement in and resolution of symptoms on follow-up visits.
Of our patients, 21 (91,3%) were female and 2 male. Mean patient age was 44 ± 15 years (range, 18-68 years). All patients were symptomatic. Sixteen patients presented with acute DVT (8 iliofemoral; eight iliofemoropopliteal); two with subacute DVT (one iliofemoral, one iliofemoropopliteal) chracterized by swelling of and pain in the left lower extremity; four with symptoms of chronic venous hypertension including varicosities and lower limb swelling in the pelvic, inguinal, or thigh region; and one with persistent rectal bleeding caused by rectal mucosal venous congestion. Six patients exhibited risk factors for DVT development. These were a previous history of DVT (n = 1); postoperative status (n = 2); postpartum status (n = 1); oral contraceptive (n = 1) and the Factor V Leiden mutation (n = 1). No patient had a symptomatically indicated pulmonary embolism.
Vascular access was established via ultrasonographyguided puncture of the ipsilateral popliteal vein (n = 18) or femoral vein (n = 5). A vascular sheath was introduced into each vein and ascending venographic data obtained. Patients with acute and subacute DVT were initially treated via CDT and manual AT using 7-F guiding catheters (Mac1; Boston Scientifi c, Natick, Massachusetts, USA). CDT featured either a multi-sided hole catheter (5F Aortic Flush; Boston Scientifi c, USA) or ultrasound-accelerated CDT using the EKOS catheter (EKOS Corporation, Bothell, Washington, USA). We used multisided hole catheters to treat seven patients and EKOS catheters to treat a further eleven. Infusion catheters were passed through thrombotic occlusions of the left common iliac vein. Recombinant human tissue plasminogen activator (tPA) alteplase (Actilyse; Boehringer Ingelheim GmbH & Co., Ingelheim, Germany) was administered as an initial 5-mg bolus followed by continuous infusion at 1 mg/h during each procedure. In addition, heparin was infused via the hemostatic sheath to maintain the aPTT in the range 60-90 s. Inferior vena cava (IVC) fi lter placement was employed in four patients considered to be at very high risk of pulmonary embolism (PE). These patients were our fi rst MTS cases treated via endovascular methods. Vena cava fi lters were not placed in later cases because of the low risk of PE associated with MTS.
Venography was repeated after 24 h and CDT therapy was continued for a further 24 h if clot lysis was inadequate. Such therapy was discontinued if any contraindicative complication developed.
Patients with venographically determined iliac vein stenosis or occlusions were treated via angioplasty and stenting. Stent size was determined by measuring the diameter of the patent distal common iliac vein and stent length was chosen to ensure complete lesion coverage. Each stent was deployed 1-2 cm into the inferior vena cava if the lesion was located less than 2 cm from the orifi ce of the left common iliac vein. Self-expanding nitinol stents (Epic; Boston Scientifi c, USA; and Smart; Cordis, Miami, Florida, USA); stainless steel stents (Wallstent; Boston Scientifi c, USA); and XL stents (Sinus XL; Optimed, Ettlingen, Germany) were employed. Balloon dilatation was performed routinely after iliac vein stenting. The diameter of the balloon catheter was 12 ± 2 mm (Powerfl ex; Cordis, USA).
All patients received 10,000 units of heparin at the start of each procedure, and systemic heparinization was continued after the procedure to maintain the aPTT at 60-90 s for 3 days. All patients were prescribed oral warfarin sodium for 6 months to maintain the international normalized ratio in the range 2.0-3.0. All patients were instructed to wear graduated compression stockings with which they were provided.
Follow-up clinical and imaging evaluations were initially performed at 1 and 6 months, and yearly thereafter. Follow-up imaging featured primarily CDU. A few patients were re-imaged using CT or repeat venography because it was diffi cult to obtain adequate images of the stents using CDU alone.
Data are expressed as means ± standard deviations for continuous variables and as percentages for categorical variables.
Results
Venography performed during endovascular treatment of MTS revealed signifi cant stenosis of the left common iliac vein in 15 of 23 (65.2%) patients. In 8 of the 23 (34.8%) patients, total occlusion of the left common iliac vein (LCIV) was evident. All patients presenting with venous varices exhibited common iliac vein stenosis. Restoration of complete LCIV patency was successful in 21 of the 23 patients (technical success rate: 91.3%). In two DVT patients, the occluded iliac vein could not be reached even with the aid of a guide wire; no stents were placed.
Thrombolysis was performed for 24-48 h (mean, 30.5 ± 16.6 h) in 18 patients with acute and subacute DVT. The average tPA dose was 31.25 ± 16.1 mg (range, 20-50 mg). Thrombus removal was complete in 14 patients (77.7%), Four of the eighteen patients had residual clots upon cessation of thrombolysis (partial thrombolysis; 22.3% of patients). Of these, two had subacute and two acute DVT. Also, two of the four patients exhibited risk factors for DVT.
A total of 37 stents were placed in 21 patients. Thirtyone received nitinol stents; four stainless steel stents and two XL nitinol stents. The mean stent diameter was 12 ± 2 mm (range, 10-16 mm) and the mean stent length 48.8 ± 11.6 mm (range, 40-100 mm). Seven patients were implanted with single stent, twelve with two stents, and two with three stents. After each procedure, venography revealed good common iliac vein patency and fl ow of contrast material ( Fig. 1 and Fig. 2) .
The clinical and radiological mean follow-up time was 15.9 ± 16.1 months (range, 6-48 months). During the postoperative period, 19 of 23 patients (82.6%) exhibited complete resolution of symptoms, and symptomatic improvement was observed in 3 (13%). Follow-up performed in the fi rst postoperative month showed that leg swelling decreased in DVT patients, and pain was relieved. Leg edema in those with chronic venous hypertension decreased and varicose veins collapsed. Rectal bleeding in the single patient with this complaint ceased and rectal mucosal congestion seemed to be retarded upon rectoscopic examination. Three patients who could not be completely recanalized to relieve femoral vein thrombosis exhibited moderate levels of symptomatic improvement; these patients had post-thrombotic DVI (deep vein insuffi ciency). One patient who could not be recanalized patients evaluated after complaining of lower limb venous disorders. 14) This difference between postmortem and symptomatic compression levels clearly shows that LCIV compression is necessary, but not suffi cient, to trigger MTS. 15) In the past, MTS was thought to be rare, but the reported frequency of the condition has risen upon development of catheter-directed endovascular treatment of lower-extremity DVT. The likely reason is that the iliac veins are better visualized when venography is performed using vascular sheaths placed in increasingly central veins. 6) MTS has been reported to be more frequent in females, as, indeed, we found. No explanation of the female predominance of IVCS has yet been advanced. 11, 16) MTS most frequently presents as chronic venous insuffi ciency, and DVT, in young-to-middle-aged females, and is diagnosed in 18-49% of cases presenting with left lower limb DVT. 4, 5, 6, 11) The presence of MTS is suggested by a history of recurrent left lower-extremity DVT and symptoms associated with chronic venous hypertension including varicosities; venous ulcers; lower limb swelling; and pain in the inguinal, calf, or upper leg regions. Also, acute thrombosis may develop in patients at high risk of DVT. DVT attributable to IVCS was reported to occur predominantly in young-to-middle-aged females (aged 20-40 years). Pregnancy and postpartum status are known risk factors for DVT. 15) In our present study, 14 patients presented with acute or subacute DVT, and were of older age. One patient was of postpartum status and had a history of eclampsia, and two were of early postoperative status, having undergone surgery for removal of lower-extremity venous varices. Also, patients with IVCS are at increased risk of DVT. 15) Signifi cant iliac vein compression may thus be but one risk factor of many favoring DVT development.
Several imaging modalities are useful in MTS diagnosis. CDU is the fi rst-line method used to screen patients with CVI disorders, and can detect DVT. 17, 18) However, the technique cannot accurately identify venous spurs or compression of the LCIV. If MTS is suspected in patients subjected to ultrasonography, cross-sectional imaging (CT venography, magnetic resonance angiography) or venography should be used to accurately visualize the pelvic region. 19, 20) Surgical techniques have had mixed success in management of MTS because of high rates of morbidity and variation in patency rates. Surgical options include Palma's crossover technique; relocation of the RCIA behind the LCIV or inferior vena cava; and vein-patch angioplasty with removal of intraluminal obstructions and encasement of the LCIV in polytetrafl uoroethylene (ePTFE) grafts. 21) Jost, et al. (2001) showed that surgical reconstruction because of occlusion of the LCIV did not exhibit any symptomatic improvement.
Follow-up CDU and CT venography revealed that patents lumen of the stents (90.4%) in 19 of the 21 patients who received stents. Restenosis (9.6%) of stents occurred in two patients at 6 and 12 months postoperatively. In one of the patients in which restenosis was developed Factor V Leiden mutation which is known to be a risk factor for DVT was present. In the other patient postoperative irregular anticoagulant medicament usage story was present. One patient was treated via repeat stent implantation and balloon dilatation; the symptoms improved. The other patient received no intervention as no signifi cant clinical fi nding was apparent. Clinical and radiological signs, treatment details, and follow-up data on all patients are shown in Table 1 . Results at the last follow up visit are shown in Table 2 .
No patient experienced PE during follow-up. No procedure-related mortality or major complication was noted. Four patients (17.4%) developed minor complications; these were controllable bleeding episodes at the vein access sites.
Discussion
May-Thurner syndrome, also termed the "syndrome of compression of the iliac vein", is caused by an anatomical anomaly in which the left common iliac vein is compressed by the overlying right common iliac artery. In 1956, May and Thurner found that 22% of adult subjects studied exhibited vascular thickening of the left iliofemoral venous wall at the point where the right common iliac artery (RCIA) intersected the LCIV. The cited authors concluded that the obstructive lesion, which they termed a "spur", was analogous to a callus in that formation thereof probably required chronic repetitive irritation, identifi ed to be intermittent compression of the LCIV region lying between the pulsating RCIA and the vertebral body. Chronic vibratory pulsation of the vein may damage the intimal wall, in turn causing intimal proliferation and venous thrombosis. 1, 2) Further work showed that patients with venous spurs could remain asymptomatic for extended periods of time because collateral forms of venous drainage developed. 9) Thus, spur formation was considered to be irreversible. Extensive pelvic venous collateral fl ow circumventing the abnormal LCIV segment is a hallmark of MTS. 9, 10) Several anatomical variants of MTS have been described; these include LCIV compression by the LCIA; right common iliac vein (RCIV) compression by the right internal iliac artery; and right-sided MTS developing where the LCIA compresses the RCIV. 11, 12) Cadaveric studies showed that the prevalence of LCIV compression ranged from 14-32%, 1, 13) but was present in 2-5% of features the placement of stents exhibiting high radial force. 28) Study series featuring iliac vein stenting in MTS patients have increased in number over the past decade and have generally advocated the use of endovascular techniques. 5, 6, 29) Recently, a retrospective review by Titus, et al. identifi ed MTS patients treated via endovenous stenting and showed that the primary patency rates were 88%, 78%, and 78%, respectively, at 6, 12, and 24 months postoperatively. 30) O'Sullivan, et al. reported that the overall patency rate at 1 year was 79%. 5) Stent placement in iliac veins in combination with thrombus removal affords good short-and mid-term patency especially upon treatment of DVT developing secondarily to MTS. Stent insertion may be important if organic abnormalities are to be treated. 10) The possible problems of valve destruction by stents, with subsequent development of venous insuffi ciency, does not apply to femoral veins because iliac veins lack valves. It has been reported that venous claudication improved after successful stent recanalization in limbs, despite deterioration of the refl ux that normalizes venous outfl ow. Also, calf muscle pump function was enhanced and signifi cant improvements in clinical outcomes were apparent. 31) Today, the guidelines of both the Society for Interventional Radiology and the Society of Vascular Surgery recommend iliac vein stenting in the context of external compression. 32) We considered that balloon dilatation per se was not adequate for treating our patients. Thus, we initially placed stents in stenotic main iliac vein segments and next used angioplasty balloons to dilate the stents. In tight or narrow segments through which stent carrier shafts could not pass, or if occlusions are present, balloon dilatation can be performed fi rst and stent placement subsequently.
Our results are in accord with those of previously reported series and show that endovascular treatment effectively treats both CVH and DVT caused by MTS; the medium-term patency levels were good.
Patency rates in MTS patients either lacking thrombi or with acute thrombosis were signifi cantly greater than in MTS patients with chronic DVT, showing that early recognition and management of iliac vein compression affords more favorable outcomes. 33) It is important to techniques were associated with primary and secondary 3-year patency rates of 54% and 62%, respectively. 5, 10, 21, 22) The surgical techniques used in another study were both diverse and complicated, including multiple treatments of autologous veins. However, despite such diversity, similar primary and secondary 5-year patency rates (42% and 59%, respectively) were reported in a larger patient group. 22) Today, MTS patients rarely undergo highly invasive venous surgical reconstructions because management using endovascular techniques has been relatively successful, and is associated with fewer operative risks. [4] [5] [6] [7] [8] DVT treatment aims to alleviate acute or chronic symptoms, and to prevent recurrence, PE development, and development of post-thrombotic syndrome. The standard treatment for acute or subacute DVT is anticoagulation therapy, which reduces the rates of recurrence and PE but does not effectively remove clots. 23) However, in MTS cases, such management is unlikely to entirely prevent the development of chronic thrombi caused by venous spurs. 4, 10, 24) This is because anticoagulation therapy does not directly treat iliac vein compression or the resulting venous spur; these are the most probable underlying causes of MTS.
Treatment of MTS patients who present with thrombosis has changed dramatically over time; CDT has found increasingly wider applications. Catheter-directed endovascular treatment is more effective in terms of clot removal and symptom improvement, compared to anticoagulation therapy. 25) Local infusion of thrombolytic agents at a site of thrombotic occlusion maximizes therapeutic effects while minimizing the risk of major bleeding. Such methods also reduce post-thrombotic morbidity and improve health-related quality-of-life. 26) PTA procedures lacking subsequent stent placement have been associated with low patency rates. A 73% recurrence rate was noted in patients with acute leftsided iliofemoral DVT when the underlying obstruction was not treated via stent placement. 4) The chronic venous compression occurring in MTS pateints cannot be relieved via temporary balloon angioplasty. Stents are effective to treat venous obstructions, and are superior to balloon dilatation alone. 27) Thus, MTS treatment almost always diagnose MTS patients in the early stages of disease, thus before DVT appears or becomes chronic. In MTS patients with major DVT risk factors (pregnancy or longterm immobilization), both anticoagulation therapy and refraining from oral comtraceptive use should be suggested. Some practitioners advocate the use of IVC fi lters to prevent possible fatal PE events, especially prior to performance of procedures treating CDT or AT. 34) Although DVT is common in patients with MTS, such patients rarely present with a PE. Venous spurs appear to afford some protection against PE, particularly when venous stenosis is signifi cant. 7) Thus, IVC fi lter placement is of questionable utility in MTS patients. Vena cava fi lters can be placed in patients without occlusions who cannot receive anticoagulant treatment. We placed vena cava fi lters in our early MTS patients who received endovascular treatment, especially prior to thromboaspiration, as has been performed in other patients with acute iliofemoral DVT. However, later, we ceased this practice, as the risk of PE was low. We have not observed symptomatic PE in any patient before or after treatment.
The limitations of the present study were the retrospective nature of the work, the limited number of MTS patients evaluated, and the loss of some patients to follow-up (limiting our long-term data). Follow-up periods and control numbers were not standardized, and follow-up periods were relatively short. Another potential limitation is the variability in stent type and size. Also, although the use of CDU to assess iliac vein patency is not stressful for patients, the technique has certain limitations. No clinical scale was used for symptomatic evaluation; this was a signifi cant limitation.
As a result, recent reports have shown that endovascular treatment of symptomatic MTS patients with thrombotic or nonthrombotic presentations is both feasible and safe, and improves symptoms. On long-term follow-up, stent patency does not seem to be affected by ongoing extrinsic compression of a vein by the adjacent iliac artery. We obtained excellent immediate results and early patency, with minimal complications, using localized CDT, angioplasty, and stent implantation.
